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Description 

DRIVING METHOD FOR A LIQUID 
CRYSTAL DISPLAY 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a driving method of a liquid crys- 
tal display, and more particularly, to a driving method that 
sequentially supplies an over-drive data voltage pulse and 
an original data voltage pulse to a pixel electrode in one 
frame period. 

[0003] 2. Description of the Prior Art 

[0004] a liquid crystal display (LCD) has advantages of 

lightweight, low power consumption, and low divergence, 
and is applied to various portable equipment, such as 
notebook computers and personal digital assistants (PDA). 
In addition, LCD monitors and LCD televisions are gaining 
in popularity as a substitute for traditional cathode ray 
tube (CRT) monitors and televisions. However, an LCD still 



has some disadvantages. Because of the limitations of 
physical characteristics, the liquid crystal molecules 
should be twisted and rearranged when changing input 
data, delaying the images. For satisfying the rapid switch- 
ing requirements of multimedia equipment, improving the 
response speed of liquid crystal is desired. 
[0005] when driving the liquid crystal display, the driving circuit 
continuously receives a plurality of frame data, and pro- 
duces the related data voltage pulse, scan voltage, clock 
signal, and so on in accordance with the frame data to 
control the pixel operation of the liquid crystal display. 
Each frame data includes the data for refreshing all pixels 
in one frame period, so each frame data can be treated as 
having a plurality of pixel data, and each pixel data is 
used for defining the gray level status of one pixel in one 
frame period. Illuminating with the liquid crystal display 
standard of general computers, each pixel can be 
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switched between 256 (2 ) gray levels, and the data length 
of each pixel data is 8 bits. 
[0006] please refer to Fig.l, which is a timing diagram of the 
pixel data value and the frame period according to the 
prior art. When driving a pixel, the driving circuit sequen- 
tially receives a plurality of pixel data for driving the pixel. 



As shown in Fig.l, G(n), G(n+1), and G(n+2) are the pixel 
data received by the driving circuit in the frame period N, 
N + l and N+2. The driving circuit will drive the gray level 
status of one pixel in the frame period N, N + l and N+2 in 
accordance with the pixel data values recorded in the 
pixel data G(n), G(n+1), and G(n+2). Generally speaking, 
after being driven by the driving circuit, larger the pixel 
data value, higher the gray level value. Then, the driving 
circuit will produce a original data voltage pulse in the 
corresponding frame period according to the pixel data 
G(n), G(n + 1), and G(n+2), and apply the original data 
voltage pulse to the pixel electrode of the corresponding 
pixel to drive the pixel showing the corresponding gray 
level status in each frame period. 
[0007] please refer to Fig. 2, which is a timing diagram of the 

transmission rate and the frame period according to the 
prior art. In Fig. 2, curve CI shows the transmission rate 
under the ideal condition, and curve C2 shows the trans- 
mission rate driven by a conventional over-drive method. 
Both CI and C2 are driven from the transmission rate Tl 
to T2 in the frame period N. The conventional over-drive 
method is disclosed in the US Publication 2002/0050965, 
and is simply described below. Because of the characteris- 



tics of the liquid crystal molecules, a delay time appears 
while charging and the liquid crystal molecule cannot 
reach the expected transmission rate with an expected 
angle in one frame period. Without an over-drive method, 
the expected transmission rate cannot be reached in the 
frame period N and have a great difference with the ideal 
condition. This delay will induce a blurred appearance. 
[0008] For improving this condition, a conventional over-drive 

method is used in some liquid crystal displays that apply a 
higher or lower data voltage pulse to the pixel electrode 
to accelerate the response speed of the liquid crystal 
molecule. For accelerating the response speed of the liq- 
uid crystal molecules as fast as possible, as shown in 
Fig. 2, a much higher over-drive data voltage pulse is used 
to shorten the switching time, but also results in the 
transmission rate being too high or too low. As shown in 
Fig. 2, with the conventional over-drive method, the liquid 
crystal molecules reach the transmission rate of the ex- 
pected gray level status T2 in one frame period, but the 
final transmission rate reaches a higher value T3. This 
conventional over-drive method may cause the reality loss 

and the gray level status may be too bright or too dark. 
Summary of Invention 



[0009] ^ is therefore a primary objective of the claimed invention 
to provide a driving method of a liquid crystal display 
panel that can accelerate the response speed of the liquid 
crystal molecules and enable the liquid crystal display 
panel to reach the expected transmission rate in one 
frame period. 

[0010] According to the claimed invention, a method for driving a 
liquid crystal display panel is disclosed. The liquid crystal 
display panel includes a plurality of scan lines, a plurality 
of data lines, and a plurality of pixels. Each pixel is con- 
nected to a corresponding scan line and a corresponding 
data line, and each pixel has a switching device and a liq- 
uid crystal element. The switching device is connected to 
the corresponding scan line, the corresponding data line, 
and the liquid crystal element. The method includes con- 
tinuously receiving a plurality of frame data and, produc- 
ing an over-drive data voltage pulse and an original data 
voltage pulse according to the frame data in every frame 
period. The over-drive data voltage pulse and the original 
data voltage pulse are sequentially provided to the liquid 
crystal element of the pixel in one frame period via the 
connected data line. 

[0011] According to the claimed invention, a method for driving a 



liquid crystal display panel is further disclosed. The liquid 
crystal display panel includes a plurality of scan lines, a 
plurality of data lines, and a plurality of pixels. Each pixel 
is connected to a corresponding scan line and a corre- 
sponding data line, and each pixel has a switching device 
and a liquid crystal element. The switching device is con- 
nected to the corresponding scan line, the corresponding 
data line, and the liquid crystal element. The method in- 
cludes receiving a clock signal, a synchronization signal, 
and a plurality of frame data. A double-frequency clock 
signal is produced in accordance with the clock signal, 
and a double-frequency synchronization signal is pro- 
duced in accordance with the double-frequency clock sig- 
nal and the synchronization signal. At least an over-drive 
data voltage pulse and a original data voltage pulse are 
produced in accordance with the frame data. The over- 
drive data voltage pulse and the original data voltage 
pulse are sequentially provided to the liquid crystal ele- 
ment of the corresponding pixel in accordance with the 
double-frequency clock signal in one frame period. 
[0012] These and other objectives of the claimed invention will 
no doubt become obvious to those of ordinary skill in the 
art after reading the following detailed description of the 



preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0013] pig.l is a timing diagram of pixel data values and frame 

periods according to the prior art. 
[0014] pig. 2 is a timing diagram of transmission rates and frame 

periods according to the prior art. 
[0015] pig. 3 is a schematic diagram of a liquid crystal display 

panel. 

[0016] Fig. 4 is a schematic diagram of processing a frame data 

according to the present invention. 
[0017] Fig. 5 is a timing diagram of pixel data values and frame 

periods before utilizing the present invention. 
[0018] Fig. 6 is a timing diagram of pixel data values and frame 

periods after utilizing the present invention. 
[0019] Fig. 7 and Fig. 8 are timing diagrams of transmission rates 

and frame periods according to the present invention. 

[0020] Fig. 9 is a block diagram of a preferred circuit to achieve 

the present invention. 
Detailed Description 

[0021] please refer to Fig. 3, which is a schematic diagram of a 
liquid crystal display panel 10. The liquid crystal display 



panel 10 includes a plurality of scan lines 12, a plurality of 
data lines 14, and a plurality of pixels 16. Each pixel 16 is 
connected to a corresponding scan line 12 and a corre- 
sponding data line 14, and each pixel 16 has a switching 
device 18 and a liquid crystal element 20. The liquid crys- 
tal element 20 is generally called a pixel electrode. The 
switching device 18 is connected to the corresponding 
scan line 12 and the corresponding data line 14, and the 
driving circuit will control operation of each pixel 16 via 
the scan line 12 and the data line 14. 
[0022] The general method for driving the liquid crystal display 
panel 10 is to apply a scan voltage to the scan line 12 to 
open the switching device 18 and to apply a data voltage 
to the data line 14 to control the pixel electrode 20 
through the switching device 18. Hence, when the scan 
voltage is applied to the scan line 12 and the switching 
device 18 is opened, the data voltage pulse on the data 
line 14 will be applied to the pixel electrode 20 through 
the switching device 18 to twist the liquid crystal 
molecule. When the scan voltage on the scan line 12 is re- 
moved and the switching device 18 is closed, the electrical 
connection of the data line 14 and the pixel 16 will be cut 
and the pixel electrode 20 will retain the charged status. 



The scan line 12 controls the switching device 18 to re- 
peatedly open and close, repeatedly charging the pixel 
electrode 20 utilizing the data line 14. Different data volt- 
ages on the data line 14 produce different twisted angles 
of the liquid crystal molecules and show different trans- 
mission rates. With this repeated operation, the liquid 
crystal display 10 can show different images. 
[0023] please refer to Fig. 4, which is a schematic diagram of pro- 
cessing a frame data according to the present invention. 
This embodiment uses a double frequency example to ex- 
plain the present invention, but the driving method is not 
limited to using a double frequency and a higher fre- 
quency can be used without departing from the spirit of 
the invention. When the pixel data value is switched from 
G(N) to G(n+1), the present method delays the frame data 
G(n), G(n + 1), and G(n+2) while receiving them, and pro- 
duces the corresponding delayed frame data. The present 
pixel data value G(n+1) is compared with the correspond- 
ing delayed pixel data value G(n) and an over-drive data 
value G(n,n+1) is produced. The over-drive data value 
G(n,n+1) is defined according to the difference between 
the pixel data values G(n) and G(n + 1), and can be larger, 
smaller or equal to G(n + 1). Generally, when G(n + 1) is 



larger than G(n), G(n,n+1) will be larger than G(n + 1); 
when G(n+1) is smaller than G(n), G(n,n + 1) will be smaller 
than G(n+1); and when G(n+1) is equal to G(n), G(n,n + 1) 
will be also equal to G(n + 1). In addition, the other over- 
drive data values G(n-l,n), G(n+l,n+2)... corresponding 
to other clock periods can be also be produced by the 
above-mentioned method. 

[0024] After producing the over-drive data values G(n-l,n), 

G(n + l,n+2)..., the present method outputs the over-drive 
data voltage pulses corresponding to the over-drive data 
values (such as G(n-l,n), G(n+l,n+2)...) to the pixels on 
the liquid crystal display panel via the related scan line 
and data line driving circuits, and then the original data 
voltage pulses corresponding to the original pixel data 
(such as G(n), G(n+1), G(n+2)...) are outputted to the pix- 
els on the liquid crystal display panel. The action of out- 
putting the over-drive data voltage pulse and the original 
data voltage pulse must be completed in one frame pe- 
riod. Since two data voltage pulses (the over-drive data 
voltage pulse and the original data voltage pulse) are out- 
putted in one frame period, the frame data outputting fre- 
quency is double of the conventional driving method. 

[0025] please refer to Figs. 5 and 6, which are timing diagrams of 



pixel data value and frame period before and after utiliz- 
ing the present invention. When the input pixel data value 
switches from G(n) to G(n+1), G(n+2), and G(n + 3), the 
output pixel data value after utilizing the present inven- 
tion will be G(n,n+1), G(n+1), G(n + l,n+2), G(n+2), 
G(n+2,n+3) and G(n + 3). G(n,n+1), G(n + l,n+2) and 
G(n+2,n+3) are over-drive data values that can accelerate 
the switching speed of the liquid crystal molecule. Besides 
instantly comparing the delayed and original frame data 
to produce the over-drive data value, for accelerating the 
processing speed, a reference table can be also pre-built 
by measuring every frame data and its preferred over- 
drive data value in advance. When switching the frame 
data, a corresponding over-drive data value will be caught 
from the reference table to drive the pixel electrode. 
[0026] please refer to Figs. 7 and 8, which are timing diagrams of 
transmission rates and frame periods according to the 
present invention. In Fig. 7, the liquid crystal molecules are 
switched from the transmission rate Tl to a higher trans- 
mission rate T2, and are kept at T2. A larger over-drive 
data value G(n,n + 1) is used to switch the liquid crystal 
molecule to a transmission rate higher than T2, and then 
the original data value G(n+1) switches the liquid crystal 



molecule to the transmission rate 12. 

[0027] pig. 8 shows another situation of switching the liquid crys- 
tal molecules from the transmission rate Tl to a higher 
T2, and then switches to a transmission rate T3 lower 
than 12 in next frame period. In the frame period N+l, a 
larger over-drive data value G(n,n+1) is used to switch the 
liquid crystal molecule to a transmission rate higher than 
T2, and the original data value G(n+1) switches the liquid 
crystal molecule to the transmission rate 12. In the frame 
period N+2, a smaller over-drive data value G(n+l,n+2) is 
used to switch the liquid crystal molecule from the trans- 
mission rate 12 to a transmission rate lower than T3, and 
the original data value G(n+2) switches the liquid crystal 
molecule to the transmission rate T3. 

[0028] with sequentially applying the over-drive data values and 
the original data values to the liquid crystal display panel, 
the switching speed of the liquid crystal molecule can be 
accelerated and the transmission rate can be also accu- 
rately controlled. When watching the rapidly switched liq- 
uid crystal display, users will no longer feel a delay, reality 
loss, or brightness reduction. 

[0029] please refer to Fig. 9, which is a block diagram of a pre- 
ferred circuit 30 to achieve the present invention. An input 



interface 32 continuously receives the input frame data, a 
clock generator 34 receives an input clock signal, and a 
sync generator 36 receives a vertical sync signal and a 
horizontal sync signal. The clock generator 34 doubles 
frequency of the input clock signal, and outputs the dou- 
bled clock signals to the input interface 32, the sync gen- 
erator 36, an over-drive engine 42, and an output inter- 
face 44. After receiving the doubled clock signal, the sync 
generator 36 will double frequency of the vertical and 
horizontal sync signals and output the doubled vertical 
and horizontal sync signals to drive the scan and data 
lines of the liquid crystal display panel. After receiving the 
input frame data, the input interface 32 will transmit the 
input frame data to a memory controller 38 for process- 
ing. On the one hand, the memory controller 38 stores 
and accesses the input frame data in a frame memory 40 
to delay the input frame data and produce a delayed 
frame data PRE. On the other hand, the memory controller 
38 also outputs a present frame data NOW and transmits 
the present frame data NOW and the corresponding de- 
layed frame data PRE to the over-drive engine 42. The 
over-drive engine 42 catches an over-drive data value 
from a pre-built reference table in accordance with the 



present frame data NOW and the corresponding delayed 
frame data PRE, and sequentially outputs the over-drive 
data value and the original data value to an output inter- 
face 44 in accordance with the doubled clock signal. With 
the doubled frequency, the output interface 44 sequen- 
tially outputs the over-drive data value and the original 
data value to the scan line and data line driving circuits on 
the liquid crystal display panel for producing the over- 
drive data voltage pulse and the original data voltage 
pulse to the liquid crystal element of the corresponding 
pixel. The output interface 44 also outputs the doubled 
clock signals to each scan line and data line driving cir- 
cuits. 

[0030] | n contrast to the prior art, the present invention discloses 
a novel driving method that applies an over-drive data 
voltage pulse and an original data voltage pulse to each 
pixel in one frame period so that the transmission rate of 
the liquid crystal molecules can be rapidly changed. Since 
at least one over-drive data voltage pulse and a original 
data voltage pulse are applied to each pixel in one frame 
period, the twisting speed of the liquid crystal molecule 
can be accelerated and the gray level switching can be ac- 
complished in one frame period without delay, blur, real- 



ity loss, or brightness reduction. In addition, the present 
driving method uses a double frequency way to output the 
over-drive data voltage pulse and the original data voltage 
pulse, and the over-drive function is similar to that of the 
prior art, so the conventional over-drive engine can be 
also used in the present invention to reduce the cost. 
[0031] Those skilled in the art will readily observe that numerous 
modifications and alterations of the method may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



